Bacteriophages, the viruses that are capable of infecting bacterial cells, are extremely diverse. Some of them, although able to propagate lytically under certain circumstances, are also able to establish a stable relationship with their host bacteria, in which the phage DNA is replicated with host chromosome. These less-defined ways of host-phage interactions include lysogeny, pseudolysogeny, and chronic infection [23] . Such temperate phages whose sequences are broadly widespread in many bacterial genomes, besides leading to major differences at the species and bacterial strain levels, can also impart important biological properties to their bacterial hosts [3] . This phenomenon leads to treating phage sequences not only as "egoistic parasites" that can suppress bacterial population growth via the lytic cycle after prophage induction, but also as elements introducing some positive characteristics into bacteria. Some phage-encoded genes that increase host fitness include exotoxins, enzymes, and effector proteins involved in pathogens invasion, like streptococcal erythrogenic toxin A or diphtheria toxin [9, 22] . Interestingly, the sequencing of the whole bacterial genomes has demonstrated that not all prophage sequences encode fully functional bacteriophages. Molecular evolution has led to the appearance of various forms of prophage-related entities, like defective and satellite prophages, bacteriocins, and gene transfer agents [5, 12] .
Many studies have shown that the occurrence of prophages is relatively frequent among the members of the genus Lactobacillus that are commonly used in the dairy industry and are associated with habitats such as the human gastrointestinal tract and vagina [20] . To date, databases contain complete genome sequences for phages originated from L. brevis, L. rhamnosus, L. crispatus, L. delbrueckii, L. gasseri, L. plantarum, L. fermentum, L. jensenii, L. johnsonii, and L. paracasei. Most of the described Lactobacillus phages belong to the Siphoviridae family with a long non-contractile tail, and to the Myoviridae possessing a contractile tail [1, 6] . Until recently, prophage sequences have been treated mainly as a potential threat for industry-exploited bacterial strains, because of their capability for bacterial cell culture lysis after induction. Highlighting a potential negative effect of possessing prophage in bacterial cell comes mainly from considering bacteriophages as lytic or potentially lytic particles to bacteria. There is still scarce information about other ways of bacteria-phage interactions excluding the direct risk of bacterial cell lysis. In a previous work, Durmaz et al. [7] , described mitomycin C-induced prophage Lrm1, which was not able to effectively infect its host (Lactobacillus rhamnosus M1) or other analyzed lactobacilli.
In our study, we describe the release of phage particles by L. rhamnosus Pen, a probiotic strain that is an ingredient of a medicine commonly used for the prevention of antibiotic-associated diarrhea [14, 15] . Interestingly, the releasing of bacteriophage particles was not an effect of prophage induction by any known inducing agent and had no significant effect on the population growth of this industrially important Lactobacillus strain. 
MATERIALS AND METHODS

Microorganisms and Culture Conditions
, and L. fermentum PCM 491, originated from the ARS Culture Collection (NRRL), German Collection of Microorganisms and Cell Cultures (DSMZ), and Polish Collection of Microorganisms (PCM). All strains were routinely cultured in the Man-Rogosa-Sharpe broth (BTL, Poland) at 37 o C. Mitomycin C induction experiments were performed according to the previous paper by Durmaz et al. [7] .
Isolation of Surface-Associated Proteins and 2D Electrophoresis
The surface-associated proteins were extracted from the bacterial strain with 2 M guanidine hydrochloride [16] . Log-phase cells from 300 ml cultures were harvested by centrifugation, washed twice in PBS (pH 7.4) and then incubated for 1 h at 37 Prior to the analysis, gel slices were subjected to a standard "in-gel digestion" procedure, during which proteins were reduced with 100 mM DTT (for 30 min at 56 o C), alkylated with 0.5 M iodoacetamide (45 min in a darkroom at room temperature) and digested overnight with 10 ng/µl trypsin solution (sequencing grade modified trypsin, Promega V5111). The resultant peptides were eluted from the gel with 0.1% trifluoroacetic acid (TFA) and 2% acetonitrile (ACN). The peptide mixture was applied to an RP-18 precolumn (LC Packings) using water containing 0.1% TFA as a mobile phase and then transferred to a nano-HPLC RP-18 column (nanoACQUITY UPLC BEHC18, Waters 186003545) using an acetonitrile gradient (0-60% AcN in 30 min) in the presence of 0.05% formic acid with the flow rate of 150 nl/min. The column outlet was directly coupled to the ion source of LTQ-FT-MS working in the regime of data-dependent MS to MS/MS switch. A blank run ensuring a lack of cross-contamination from previous samples preceded each analysis.
The acquired raw data were processed by the Mascot Distiller followed by Mascot Search (Matrix Science, locally installed http:// proteom.pl/mascot) against the NCBI non-redundant database. Search parameters for precursor and product ions mass tolerance were respectively ± 40 ppm and ±0.8 Da, with allowance made for one missed semiTrypsin, fixed modifications of cysteine through carbamidomethylation, and variable modification through lysine carbamidomethylation and methionine oxidation.
Electron Microscopy
Samples of surface-associated proteins extracted with 2 M guanidine hydrochloride were transferred onto Formvar carbon-coated copper grids and stained negatively with 1% (w/v) phosphotungstic acid (Sigma-Aldrich), pH 7.2. Bacteriophage particles were visualized with an LEO 912AB electron microscope.
PCR Amplification, DNA Sequencing, and Reverse Transcription The chromosomal DNA of lactobacilli used in this study was prepared from overnight cultures using the Total DNA Mini Kit (A&A Biotechnology, Poland). For the amplification of partial genes encoding the major tail protein, use was made of specific primers MTP1F (5'-GGGGCTTCGGCCTTTGAATA-3') and MTP2R ( 
o C. The PCR products were separated on 1.2% agarose gel by electrophoresis and then visualized by ethidium bromide staining. The amplified DNA fragments were purified using ExoSAP-IT (USB) and were subsequently sequenced. The nucleotide sequences were determined using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) and the capillary sequencing system 3730xl DNA Analyzer (Applied Biosystems).
The total RNA was isolated with the Total RNA Minikit (A&A Biotechnology) and then treated with DNase I (Fermentas). The reverse transcription of the prepared RNA sample and PCR amplification of cDNA were performed by using the GeneAmp RNA PCR Kit (Applied Biosystems) according to the manufacturer's recommendations. The PCR amplification was done with MTP1F and MTP2R primers in a final volume of 20 µl (including 4 µl from the RT reaction) under the standard conditions described above.
RESULTS AND DISCUSSION
Identification of Phage Particles Associated with the Surface of the Bacterial Host
Recent studies have shown that prophages may have a beneficial effect on bacterial host [21] . In some cases, prophages should be treated as factors that potentially enhance bacterial fitness rather than lysis agents. Some researchers suggest that proteins encoded by bacteriophages can play an important role in bacteria-host interactions [17, 18] .
Our study investigated the surface-associated proteins from the probiotic strain of L. rhamnosus, which is an ingredient of a pharmaceutical commonly used in the prevention of antibiotic-associated diarrhea. This study is a continuation of a previous research showing differences among the profiles of surface-associated proteins extracted from probiotic strains of L. rhamnosus. Surprisingly, the electrophoretic profile of protein samples of L. rhamnosus Pen was significantly different from two other L. rhamnosus strains, Oxy and E/N [10] .
In the present work, the surface-associated proteins were extracted from overnight cultures of strain Pen using 2 M guanidine hydrochloride. The previous paper of Sanchez et al. [16] and our preliminary study have shown that 2 M solution of GuHCl releases large quantities of the surfaceassociated proteins and additionally generates only a very small amount of intracellular proteins. After dialysis, the extracted protein samples were subjected to two-dimensional gel electrophoresis (2DE). The obtained electrophoretic Identified bacteriophage proteins are marked by arrows and numbered: 1, major tail protein; 2, major head protein; 3, major head protein; 4, portal protein; 5 tail-host specificity protein. profile of the analyzed protein sample showed numerous protein spots, which were next excised from the 2DE gels (Fig. 1) . For protein identification, the samples were digested with trypsin, and then peptide mixtures were analyzed by nano-HPLC coupled to an LTQ-FT-ICR mass spectrometer. The MS/MS spectra were evaluated using the Mascot against NCBI databases. Surprisingly, mass spectrometry analysis revealed that some of the identified proteins appeared to be definitely of phage origin (Fig. 1, Table 1 ).
Among the identified proteins, we found a phage-derived major tail protein, two major head proteins, a portal protein, and a host-specificity protein. Likewise, in a recent work by Savijoki et al. [17] , bacteriophage proteins were also identified among whole-cell proteins obtained from L. rhamnosus GG and L. rhamnosus Lc705. To detect phage particles in the surface-associated protein extract, transmission electron microscopy was performed [19] . The electron microscopy of the cell surface extract revealed the presence of both the intact phage particles and dissociated bacteriophage tails and heads (Fig. 2A) . Based on morphology, the analyzed bacteriophage may be classified to the Siphoviridae family (Fig. 2B ) [7, 8] . For the bacteriophage particles isolated from the surface of lactobacilli cells, it is likely that the observed tail-like structures are capable of attaching to the surface of the host bacterium. In our opinion, a subset of cells of the analyzed strain is induced spontaneously, and then the released prophages bind to the cell surface of the non-induced cells. Detection of phage major structural proteins on the L. rhamnosus Pen cells surface is not astonishing, taking into account the spontaneous release of bacteriophage particles, which have innate capabilities of attaching to the bacterial surface. We suppose that this phenomenon might be a normal state for L. rhamnosus strains, especially as Kankainen et al. [11] also observed isometric-headed tailed bacteriophage in stationary phase L. rhamnosus GG cultures. Interestingly, using a double-layer technique [4] , no plaque-forming ability was observed for both phage particles isolated from the cell surface and phages obtained from supernatants of induced (0.1 µg of mitomycin C/ml) and non-induced bacterial cultures. No plaques were detected on all analyzed strains from the Lactobacillus casei group, even with bacteriophage particles obtained from partially lysed cultures of Pen from mitomycin C induction experiments. It was in good agreement with the previously sequenced phage Lrm1 from the industrially exploited L. rhamnosus M1 [7] .
Primer Design and PCR Amplification of the Partial Gene Encoding Major Tail Protein
Based on the data obtained from the LC-MS/MS and highly similar sequences encoding major tail protein present in GenBank, specific primers MTP1F and MTP2R were designed for the identification of the partial gene encoding the major tail protein (MTP). The specific PCR product was successfully amplified as an approximately 470 bp fragment (Fig. 3) . Additionally, the PCR amplicons were also obtained for DNA of bacteriophages isolated from supernatants of induced and non-induced L. rhamnosus Pen cultures. The generated PCR products for different lactobacilli were next sequenced. The obtained partial sequence for the gene encoding MTP from L. rhamnosus Pen revealed high similarity to the major tail protein gene of phage Lrm1 from L. rhamnosus M1 (96%) and L. casei bacteriophage A2 (95%). The comparison of the obtained sequence (GenBank Accession No. JN561692) with the NCBI database sequences by BLAST analysis also showed the appearance of similar MTP-encoding genes in the genomes (Fig. 3) . The expected amplification products were observed for all tested L. rhamnosus strains. Interestingly, L. paracasei B-4564 also gave the specific product with approximate molecular size of 470 bp. All obtained amplicons were sequenced. Our results and the data present in GenBank show that similar bacteriophage sequences encoding the major tail protein are rather common characteristic of the members of the L. casei group, especially of L. rhamnosus strains (Fig. 4) . On the other hand, clear differences were also evident, and therefore phage-related DNA sequences could be useful for specific identification of the members of L. rhamnosus species, even at the strain level. Our results confirmed previous findings of Brandt and Alatossava. [2] , who showed that the phage-related genes were valuable molecular markers for phylogenetic studies and the identification of even closely related probiotic lactobacilli.
RT-PCR Analysis of Bacteriophage Genes Expression
In order to prove the major tail protein gene transcription during growth of the analyzed Lactobacillus strains, reverse transcription PCR was performed. Transcription studies demonstrated that in L. rhamnosus Pen, the gene encoding the major tail protein was expressed without external induction. This result is in good agreement with data obtained from LC-MS/MS analysis and with observation that strain Pen produces bacteriophage particles. Interestingly, RT-PCR showed the expression of the MTP-coding gene in other tested L. rhamnosus strains and L. paracasei B-4564 in the stationary phase of bacterial growth (Fig. 5) . 
